Introduction {#sec1-1}
============

Anemia is defined as an abnormal reduction in the number of circulating red blood cells, the quantity of hemoglobin and the volume of packed red cells in a given unit of blood. The various blood diseases present polymorphic clinical expressions, one of which is the relatively constant involvement of oral structures.\[[@ref1]\] The oral mucous membrane is particularly sensitive to certain types of systemic disorders such as anemias, leukemias, vitamin deficiencies, and many infectious diseases.\[[@ref2]\] Iron deficiency is considered to be the world\'s most common single-nutrient disorder.\[[@ref3]\] Iron deficiency anemia attributable to nutritional deficiency and/or blood loss still remains the most common treatable anemia in the world.\[[@ref3][@ref4]\]

Aim {#sec1-2}
===

The aim was to evaluate the quantitative changes in nuclear diameter (NA), cytoplasmic diameter (CD), and cytoplasmic/nuclear ratio (N/C) in cytological buccal smears of iron deficiency anemic patients by comparing with normal healthy individuals.

Materials and Methods {#sec1-3}
=====================

The study group consisted of 40 clinically suspected cases of iron deficiency anemia and 40 normal healthy individuals as the control group selected from Out Patient Department of SIBAR Institute of Dental Sciences, Guntur. The control group consisted of healthy individuals with clinically normal oral mucosa. Patients with deleterious habits and systemic diseases are excluded from the study group. Written informed consent was obtained and the proforma inventory was completed detailing name, age, gender, and relevant medical history.

Clinical history, hematological tests such as peripheral blood smear, hemoglobin estimation, total RBC count (RBC), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), and serum ferritin levels (ADVIA Centaur CP Ferrtin immunoassay) were assessed in both the control and iron deficiency anemia groups. The hemoglobin in controls ranged from 16.9% to 12.1 g% and in anemic patients 4.9% to 8.8 g%. Individuals with serum ferritin levels below 15 ng/ml were considered under the iron deficiency anemia group. Serum ferritin levels in the iron deficiency anemia group ranged from 4.43 ng/ml to 12.2 ng/ml. Both the groups in the study were subjected for oral exfoliative cytological studies.

Cytomorphometric Analysis {#sec1-4}
=========================

In each smear 20 cells were selected by moving the microscope stage in "Z" shape to avoid recounting of the same cell. Using Image Pro Express software nuclear and cellular diameters were obtained and then mean cellular diameter (CD), nuclear diameter (ND), and the nuclear/cytoplasmic ratio were calculated for each case. Variables were compared between two groups using the Pearson correlation coefficient test and the comparison between two means was done using the t-test in SPSS software version 13.0. *P* values \< 0.05 were considered significant.

Results {#sec1-5}
=======

The age of study groups ranged between 21 and 49 years in iron deficiency anemia with mean age of 35 years and 20 and 48 years in control group with mean age of 34 years. In iron deficiency anemia group there were 19 males and 21 females. In the control group there were 20 males and 20 females.

There was no significant difference between three age groups (20\--29, 30---39, and 40\--49 years) with respect to mean CD (*P* \< 0.625) and mean ND (*P* \< 0.260). There was no significant difference in the CD (*P* \< 0.829) and ND (*P* \< 0.980) values between the two sexes in the study group. The mean nuclear cytoplasmic (N/C) ratio showed a statistically significant increase (*P* \< 0.0007) when compared between the two study groups.

There was a statistically very significant increase in the average nuclear diameter (ND) \[[Table 1](#T1){ref-type="table"}\] and N/C \[[Table 2](#T2){ref-type="table"}\] ratio of the anemic group when compared to the control group \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. The average cytoplasmic diameter (CD) did not show any statistical difference among the two groups.

###### 

Comparison of control and anemic groups with respect to ND mean (m)
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Comparison of control and anemic groups with respect to the n/c ratio
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![40×: A well-stained squame from cytological buccal smear of normal healthy individual stained with PAP showing cytoplasmic and nuclear diameters obtained by computerassisted cytomorphometry](CCD-3-156-g003){#F1}

![40×: A squame from cytological buccal smear of iron-deficient anemic individual stained with PAP showing cytoplasmic and nuclear diameters obtained by computerassisted cytomorphometry](CCD-3-156-g004){#F2}

On comparison of the red blood cell parameters with the CD and ND values in iron deficiency anemia, positive correlation was found between the Hb%, RBC, MCV, MCH, MCHC, Ferritin levels, and CD and ND values, suggesting that the changes in these indices and serum ferritin levels may be related to the changes in the CD and ND \[Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\].

###### 

Correlation between CD, ND, and ratio values with different parameters in the iron deficiency anemia group

![](CCD-3-156-g005)

###### 

Correlation between CD, ND, and ratio values with different parameters in the control group
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Discussion {#sec1-6}
==========

Iron deficiency anemia is a global problem of immense public significance affecting persons of all ages and economic group and has claims to be the commonest deficiency disease of the world.\[[@ref5]\] Iron deficiency anemia develops when iron is insufficient for the formation of hemoglobin.\[[@ref6]\] It is common in growing children, women of child bearing age, and pregnant women.\[[@ref5]\] Oral manifestations of iron deficiency include pale mucosa, glossitis, angular stomatitis, burning sensation, hyperpigmentation, and postcricoid esophageal web.\[[@ref7][@ref8]\]

Though it is difficult to interpret the exact cause for increased nuclear diameter and nuclear/cytoplasmic ratio, it may be attributed to the following reasons:

Normal red cells can resist oxidative stress by several antioxidant defense systems. Red cells in iron deficiency have a decreased activity of essential antioxidant enzymes like glutathione peroxidase and catalase. This increases lipid peroxidation which is very leathal to the cells.Growth and tissue repair depend on increased rates of cellular proliferation. Folic acid is required for the systhesis of thymidine and pyrimidine bases, while zinc participates at the catalytic site of DNA and RNA polymerases. Since folate, zinc, and iron have critical roles in regulation of DNA synthesis, these nutrients are considered as rate limiting factor for growth.

A variety of critically important enzymes containing iron are modulated by iron containing cofactors. These include aconitase, catalse, cytochrome C, cytochrome C reductase, cytochrome oxidase, succinic dehydrogenase, formimonotransferase, peroxidase, xanthine oxidase, and tryptophan pyrrolase.

Iron is needed for ribonucleotide reductase that reduces the sugar group of nucleotides to corresponding deoxy derivatives, the precursors of DNA. If this enzyme is decreased, DNA synthesis will be impaired with resultant alterations leading to the increase in nuclear diameter of exfoliated cells in iron deficiency anemia.\[[@ref9]\]

Oral cytology provides a simple, relatively painless, noninvasive diagnostic test that is readily acceptable to both patients and clinicians alike.\[[@ref10]\] Thus it is important to improve its sensitivity in detecting oral diseases. In the past, oral cytology has relied mainly on subjective interpretation, which showed a large number of false negative results.

Boddington MM in 1959 correlated buccal cells of iron deficiency anemia with the papillations on the tongue. There was a statistically significant increase in N/C ratio (*P* \< 0.05). Metabolic defects of DNA cause increase in nuclear diameter of the buccal squamous cells in iron deficiency.\[[@ref11]\] In our study there is an increase in ND and N/C ratio but not the CD. This may be due to the difference in the sample size and site of consideration.

Our study showed no statistical significance between CD and ND with respect to age and gender. This is in correlation with other study done by Macleod *et al*. in 1998.\[[@ref12]\] Frost in 1977 proposed that normal CD is due to the less ability of the cytoplasm to mature with regard to the nucleoplasm in conditions such as iron deficiency anemia\'s leading to the altered N/C ratio.\[[@ref13]\]

Hormones like estrogen and progesterone which promote anabolism and growth, increase at the time of puberty, and decrease as age advances. These hormones have a direct effect on the increase and decrease of cellular diameter and nuclear diameter in relation to age in both genders equally.

Age-related variation of ND, CD, and N/C ratio irrespective of gender can be ascribed to cellular senescence. The renewal capacity of the basal cells declines as age advances resulting in the accumulation of senescent cells, which has the effect of various environmental factors resulting in increased ND and N/C ratio.\[[@ref14]\]

Gururaj *et al*. in 2004 reported that there is a significant increase of CD, ND, and N/C ratio in anemic patients when compared with control group.\[[@ref9]\] Similar results were observed in the present study which showed a significant increase in the mean nuclear diameter (ND) and N/C ratio among the anemic group when compared to the healthy controls, but mean cytoplasmic diameter (CD) results were normal. The difference in CD may be due to application of different methods of measurement and difference in the gender proportions included in the study.

With advancements in the field of quantitative oral exfoliative cytology, interest in oral cytology has once again emerged in the diagnosis of oral lesions.\[[@ref15]\] Computer-assisted morphometric analysis of exfoliative cytology specimens has improved the ability to accurately measure various cell parameters.\[[@ref16]\]

Conclusion {#sec1-7}
==========

The findings obtained from the study were encouraging in estimation of CD, ND, and N/C ratio by the cytomorphometric computerized image analysis technique. This can be a prospective, noninvasive diagnostic tool for the clinicians to screen iron deficiency anemia patients. Further studies should be conducted in larger cohort samples for assessing the sensitivity and specificity of this technique in determining the diagnostic significance.
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